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Abstract. Actual and potential dehydrogenase and catalase and phosphatase activities 
were determined in the 0–20–, 20–40– and 40–60–cm layers of a brown luvic soil submitted 
to a complex tillage and crop rotation experiment. The soil under maize or wheat was more 
enzyme-active in the 6– than in the 2–crop rotation. In the 2–crop rotation, higher enzymatic 
activities were registered under wheat than under maize. In the 6–crop rotation, the enzymatic 
indicators of soil quality decreased, depending on the nature of crops and kind of fertilisers 
(mineral NP or farmyard manure), in the following order: farmyard-manured maize > 
minerally fertilised (m.f.) soybean > m.f. wheat > m.f. maize (plot 4) > m.f. maize (plot 1) > 
m.f. clover. 
 
INTRODUCTION 
 
Crop rotations that have diverse crop sequences also can be important for maintaining 
and improve soil quality[2]. Crop rotations change the soil habitat due their difference in 
extract nutrients, depth of roots, amount of residue, which remain in soil and difference in 
their components[1,7]. Crop rotations can stimulate soil biodiversity and biological activity 
over monoculturing. Soil management as crop rotations are important practices, which can 
reduce soil erosion, conserve organic matter and water and stimulate microbial 
activity[3,4,5,12]. 
The objectives of this study were determining the soil enzyme activities in soil under 
long-term crop rotations systems. We hypothesized that different crop rotation used would 
stimulate the enzyme activity. 
 
MATERIAL AND METHOD 
 
The ploughed layer of the studied soil is of mellow loam texture, it has a pH value of 
5.5, medium humus (2.32 %) and P (22 ppm) contents, but it is rich in K (83 ppm). 
The experiment started in 1992. The experimental field occupying 3.84 ha was divided 
into plots for comparative study of rotations.  
The crops of the 2– and 6–crops rotations are specified in Tabel 1. 
 Table 1 
The effects of soil management practices on enzymatic activities in a brown luvic soil 
 
 
Rotation of 2 crops** Rotation of 6 crops 
Maize Wheat Maize Maize (FYM)*** Clover Maize Soybean Wheat 
Soil 
enzymatic 
activity* 
Soil depth 
(cm) 
N.t. C.t. N.t. C.t. N.t. C.t. N.t. C.t. N.t. C.t. N.t. C.t. N.t. C.t. N.t. C.t. 
ADA 
 
0-20 
20-40 
40-60 
5.86 
2.87 
1.12 
5.33 
2.98 
1.71 
7.31 
4.31 
1.57 
6.04 
4.44 
1.87 
6.88 
3.44 
1.92 
5.48 
4.84 
2.40 
7.74 
5.08 
2.04 
7.08 
5.31 
2.14 
6.12 
3.34 
1.24 
4.93 
4.06 
1.93 
6.75 
3.06 
1.81 
6.12 
3.57 
2.02 
7.87 
5.29 
2.26 
7.30 
5.48 
2.59 
7.65 
4.95 
2.23 
7.29 
5.18 
2.43 
PDA 
 
0-20 
20-40 
40-60 
22.73 
15.16 
4.18 
22.35 
16.52 
4.72 
23.05 
15.26 
5.20 
22.87 
16.39 
5.42 
23.89 
15.81 
4.65 
23.12 
16.03 
5.29 
27.45 
17.17 
6.62 
26.66 
17.28 
6.72 
.23.00 
14.16 
4.29 
22.48 
15.21 
4.78 
22.95 
15.54 
4.64 
22.55 
16.61 
5.31 
28.19 
17.68 
7.10 
27.20 
18.04 
7.14 
24.62 
17.14 
5.97 
24.28 
17.65 
5.99 
CA 0-20 
20-40 
40-60 
1.75 
1.23 
0.67 
1.58 
1.43 
0.75 
1.83 
1.32 
0.76 
1.76 
1.38 
0.82 
1.87 
1.33 
0.71 
1.81 
1.48 
0.76 
2.00 
1.55 
0.83 
1.94 
1.58 
0.85 
1.79 
1.37 
0.62 
1.69 
1.45 
0.69 
1.85 
1.41 
0.68 
1.75 
1.51 
0.71 
2.05 
1.54 
0.80 
1.97 
1.58 
0.83 
1.91 
1.50 
0.76 
1.87 
1.56 
0.79 
AcPA 0-20 
20-40 
40-60 
0.294 
0.141 
0.097 
0.204 
0.171 
0.108 
0.318 
0.135 
0.069 
0.250 
0.173 
0.137 
0.352 
0.136 
0.117 
0.245 
0.179 
0.123 
0.429 
0.179 
0.115 
0.362 
0.204 
0.133 
.0.310 
0.137 
0.090 
0.246 
0.156 
0.136 
0.387 
0.142 
0.104 
0.312 
0.209 
0.107 
0.303 
0.133 
0.118 
0.247 
0.146 
0.126 
0.344 
0.149 
0.112 
0.298 
0.195 
0.156 
AlkPA 0-20 
20-40 
40-60 
0.094 
0.040 
0.022 
0.082 
0.052 
0.032 
0.102 
0.044 
0.022 
0.086 
0.050 
0.038 
0.116 
0.048 
0.034 
0.082 
0.054 
0.042 
0.136 
0.056 
0.038 
0.102 
0.064 
0.044 
0.100 
0.048 
0.036 
0.084 
0.054 
0.046 
0.124 
0.052 
0.030 
0.096 
0.060 
0.040 
0.104 
0.044 
0.036 
0.086 
0.048 
0.044 
0.098 
0.050 
0.028 
0.086 
0.054 
0.040 
* ADA – Actual dehydrogenase activity     **N.t. – No-till 
   PDA – Potential dehydrogenase activity         C.t. – Conventional tillage 
     CA – Catalase activity     ***(FMY) – (farmyard-manured) 
AcPA – Acid phosphatase activity 
AlkPA – Alkaline phosphatase activity 
 In October 2005, soil was sampled from the 0–20–, 20–40– and 40–60–cm depths of the 
plots. The soil samples were allowed to air-dry, then ground and passed through a 2–mm 
sieve and, finally, used for enzymological analyses. 
Five enzymatic activities were determined according to the methods described in [6,9]. 
Dehydrogenase activities are expressed in mg of triphenylformazan (TPF) produced from 
2,3,5-triphenyltetrazolium chloride (TTC) by 10 g of soil in 24 hours, whereas catalase 
activity is recorded as mg of H2O2 decomposed by 1 g of soil in 1 hour. Phosphatase activities 
are expressed in mg phenol/g soil/2 hours. The enzymatic activity values were submitted to 
statistical evaluation by the two t-test[8,11]. 
 
RESULTS AND DISCUSSIONS 
 
Results of the enzymological analyses are presenting in Table 1 and those of the 
statistical evaluation are summarised in Table 2. 
For evaluation of the effect of crop rotation on the enzymatic activities, the results 
obtained in the three soil layers analysed in the two subplots were considered together. 
Soil enzyme activities as affected by the same crop growing in the two rotations 
As maize and wheat were crops in both rotations, it was possible to compare their effect 
on soil enzyme activities. The soil under both crops was more enzyme-active in the 6– than in 
the 2–crop rotation. In the soil under maize, the difference between the two rotations was 
significant (at least at p < 0.02), excepting acid phosphatase activity which was 
unsignificantly higher (p > 0.05). In the soil under wheat, each activity was significantly 
higher (at least at p < 0.05) in the 6– than in the 2–crop rotation. 
Soil enzyme activities as affected by the same crop growing in different plots of the 
same rotation 
We have already mentioned that in 2005 there were, in the 6–crop rotation, two 
minerally fertilised plots (1 and 4) cropped to maize. Actual and potential dehydrogenase and 
catalase activities were significantly higher (at least at p < 0.05) in the soil of maize plot 1. 
Contrarily, acid and alkaline phosphatase activities gave significantly higher values (p < 0.05 
and p < 0.02, respectively) in plot 4 than in plot 1. 
Soil enzyme activities as affected by different crops in the same rotation 
The 2–crop rotation. Each enzyme activity measured in the wheat soil exceeded 
significantly (at least at p < 0.02) the corresponding activity recorded in the maize soil. 
The 6–crop rotation. Significant (p < 0.05 to p < 0.001) and unsignificant (p > 0.05 to  p 
> 0.10) differences were registered in the soil enzymatic activities depending on the type of 
activity and the nature of crop. Based on these differences the following decreasing orders of 
the activities could be established in the soil of the six plots: 
actual dehydrogenase activity: soybean > maize (FYM) > wheat > maize (plot 4) > 
maize (plot 1) > clover; 
potential dehydrogenase activity: soybean > maize (FYM) > wheat > maize (plot 1) > 
maize (plot 4) > clover; 
catalase activity: maize (FYM) > soybean > wheat > maize (plot 1) > maize (plot 4) > 
clover; 
acid phosphatase activity: maize (FYM) > maize (plot 4) > wheat > maize (plot 1) > 
clover > soybean; 
alkaline phosphatase activity: maize (FYM) > maize (plot 4) > maize (plot 1) > 
clover> soybean > wheat. 
 
 
            Table 2 
Significance of the differences between enzymatic activities in a brown luvic soil  
submitted to crop rotation systems 
 
Mean activity values in 
management practices 
Crop 
rotation 
system 
Soil 
enzymatic 
activity* 
Soil 
depth 
(cm) a b a-b 
Significance of 
the differences 
1 2 3 4 5 6 7 
The same crop in the two rotations 
Maize in 2–
crop rotation 
(b) versus 
maize in 6–
crop rotation 
(b) ** 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 3.31 
14.28 
1.24 
0.168 
0.053 
3.89 
14.60 
1.32 
0.210 
0.067 
-0.58 
-0.32 
-0.08 
-0.042 
-0.014 
0.01 >  p > 0.002 
0.01 >  p > 0.002 
0.02 >  p > 0.01 
0.10 >  p > 0.05 
0.01 >  p > 0.002 
Wheat in 2–
crop rotation 
(b) versus in 
wheat 6–crop 
rotation (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.26 
14.70 
1.31 
0.180 
0.057 
4.79 
15.95 
1.40 
0.209 
0.059 
-0.53 
-1.25 
-0.09 
-0.029 
-0.002 
0.002 > p > 0.001 
0.002 > p > 0.001 
0.05 > p > 0.02 
0.01 > p > 0.002 
0.02 > p > 0.01 
Different crops in the same rotation 
2–crop 
rotation  
Maize (a) 
versus wheat 
(b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 3.31 
14.28 
1.24 
0.168 
0.053 
4.26 
14.70 
1.31 
0.180 
0.057 
-0.95 
-0.42 
-0.07 
-0.012 
-0.004 
0.02 > p > 0.01 
0.02 > p > 0.01 
0.01 > p > 0.002 
0.02 > p > 0.01 
0.02 > p > 0.01 
6–crop 
rotation  
Maize (a) 
versus maize 
(FYM)*** (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.16 
14.80 
1.33 
0.192 
0.062 
4.90 
16.98 
1.46 
0.237 
0.073 
-0.74 
-2.18 
-0.13 
-0.045 
-0.011 
0.05 > p > 0.02 
0.01 > p > 0.002 
0.001 > p > 0.0001 
0.10 > p > 0.05 
0.02 > p > 0.01 
Maize (plot 1) 
(a) versus 
clover (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.16 
14.80 
1.33 
0.192 
0.062 
3.60 
13.99 
1.27 
0.179 
0.061 
0.56 
0.81 
0.06 
0.013 
0.001 
0.01 > p > 0.002 
0.01 > p > 0.002 
0.01 > p > 0.002 
0.05 > p > 0.02 
p > 0.10 
Maize (plot 1) 
(a) versus 
maize (plot 4) 
(b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.16 
14.80 
1.33 
0.192 
0.062 
3.89 
14.60 
1.32 
0.210 
0.067 
0.27 
0.20 
0.01 
-0.018 
-0.005 
0.05 > p > 0.02 
0.05 > p > 0.02 
0.01 > p > 0.002 
0.05 > p > 0.02 
0.02 > p > 0.01 
Maize (plot 1) 
(a) versus 
soybean (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.16 
14.80 
1.33 
0.192 
0.062 
5.13 
17.56 
1.46 
0.178 
0.060 
-0.97 
-2.76 
-0.13 
0.014 
0.02 
0.05 > p > 0.02 
0.002 > p > 0.001 
0.01 > p > 0.002 
p > 0.10 
0.05 > p > 0.02 
Maize (plot 1) 
(a) versus 
wheat (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.16 
14.80 
1.33 
0.192 
0.062 
4.79 
15.95 
1.40 
0.209 
0.059 
-0.63 
-1.15 
-0.07 
-0.017 
0.003 
0.05 > p > 0.02 
0.001 > p > 0.0001 
0.02 > p > 0.01 
0.05 > p > 0.02 
p > 0.10 
Maize (FYM) 
(a) versus 
clover (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.90 
16.98 
1.46 
0.237 
0.073 
3.60 
13.99 
1.27 
0.179 
0.061 
1.30 
2.99 
0.19 
0.058 
0.012 
0.01 > p > 0.002 
0.002 > p > 0.001 
0.001 > p > 0.0001 
0.05 > p > 0.02 
0.10 >  p > 0.05 
 Maize (FYM) 
(a) versus 
maize (plot 4) 
(b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.90 
16.98 
1.46 
0.237 
0.073 
3.89 
14.60 
1.32 
0.210 
0.067 
1.01 
2.38 
0.14 
0.027 
0.006 
0.05 > p > 0.02 
0.02 > p > 0.01 
0.001 > p > 0.0001 
0.02 > p > 0.01 
0.01 > p > 0.002 
         Table 2 (continued) 
 
Maize (FYM) 
(a) versus 
soybean (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.90 
16.98 
1.46 
0.237 
0.073 
5.13 
17.56 
1.46 
0.178 
0.060 
-0.028 
-0.58 
0.00 
0.059 
0.013 
0.01 > p > 0.002 
0.001 > p > 0.0001 
- 
0.05 > p > 0.02 
0.05 > p > 0.02 
Maize (FYM) 
(a) versus 
wheat (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 4.90 
16.98 
1.46 
0.237 
0.073 
4.79 
15.95 
1.40 
0.209 
0.059 
0.11 
1.03 
0.06 
0.028 
0.014 
0.10 >  p > 0.05 
0.10 >  p > 0.05 
0.002 > p > 0.001 
0.05 > p > 0.02 
0.05 > p > 0.02 
Clover (a) 
versus maize 
(plot 4) (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 3.60 
13.99 
1.27 
0.179 
0.061 
3.89 
14.60 
1.32 
0.210 
0.067 
-0.29 
-0.61 
-0.05 
-0.031 
-0.006 
0.02 > p > 0.01 
0.10 >  p > 0.05 
0.001 > p > 0.0001 
0.02 > p > 0.01 
0.05 > p > 0.02 
Clover (a) 
versus 
soybean (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 3.60 
13.99 
1.27 
0.179 
0.061 
5.13 
17.56 
1.46 
0.178 
0.060 
-1.53 
-3.57 
-0.19 
0.001 
0.001 
0.002 > p > 0.001 
0.001 > p > 0.0001 
0.001 > p > 0.0001 
0.05 > p > 0.02 
0.02 > p > 0.01 
Clover (a) 
versus wheat 
(b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 3.60 
13.99 
1.27 
0.179 
0.061 
4.79 
15.95 
1.40 
0.209 
0.059 
-1.19 
-1.96 
-0.13 
-0.030 
0.002 
0.001 > p > 0.0001 
0.001 > p > 0.0001 
0.0001> p 
0.01 > p > 0.002 
0.10 >  p > 0.05 
Maize (plot 4) 
(a) versus 
soybean (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 3.89 
14.60 
1.32 
0.210 
0.067 
5.13 
17.56 
1.46 
0.178 
0.060 
-1.24 
-2.96 
-0.14 
0.032 
0.007 
0.01 > p > 0.002 
0.01 > p > 0.002 
0.002 > p > 0.001 
0.05 > p > 0.02 
0.01 > p > 0.002 
Maize (plot 4) 
(a) versus 
wheat (b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 3.89 
14.60 
1.32 
0.210 
0.067 
4.79 
15.95 
1.40 
0.209 
0.059 
-0.90 
-1.35 
-0.08 
0.001 
0.008 
0.05 > p > 0.02 
0.001 > p > 0.0001 
0.001 > p > 0.0001 
0.05 > p > 0.02 
p > 0.10 
Soybean (a) 
versus wheat 
(b) 
ADA 
PDA 
CA 
Ac PA 
Alk PA 
0-60 5.13 
17.56 
1.46 
0.178 
0.060 
4.79 
15.95 
1.40 
0.209 
0.059 
0.34 
1.61 
0.06 
-0.031 
0.001 
0.10 >  p > 0.05 
0.05 > p > 0.02 
0.05 > p > 0.02 
0.01 > p > 0.002 
0.01 > p > 0.002 
* ADA – Actual dehydrogenase activity     **Maize (plot 4) 
   PDA – Potential dehydrogenase activity  ***(FMY) – (farmyard-manured) 
     CA – Catalase activity      
AcPA – Acid phosphatase activity 
AlkPA – Alkaline phosphatase activity 
 
For establishing a hierarchy of the plots in the 6–crop rotation admitting equal importance for 
the five enzymatic activities, we have used the method, referred to in [10], to calculate the 
enzymatic indicators of soil quality (Table 3). 
 
 Table 3 
Enzymatic indicators of soil quality in plots of the 6-crop rotation 
Position Plot  Enzymatic indicator of soil quality 
1 Farmyard-manured maize 492.22 
2 Minerally fertilised (m.f.) soybean 457.63 
3 M.f. wheat 449.10 
4 M.f. maize (plot 4) 429.85 
5 M.f. maize (plot 1) 422.41 
6 M.f. clover 396.01 
 
CONCLUSIONS 
 
1. The 6–crop rotation – as compared to the 2–crop rotation – led to higher 
enzymatic activities in the soil layers under maize or wheat. 
2. In the 2–crop rotation, the soil layers under wheat were more enzyme active 
than those under maize. 
3. The enzymatic indicators of soil quality calculated from the values of 
enzymatic activities determined in the plots of the 6–crop rotation showed the 
order: farmyard-manured maize > minerally fertilised (m.f.) soybean > m.f. wheat > 
m.f. maize (plot 4 ) > m.f. (plot 1) > m.f. clover. 
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